Objective The goal of this study was to identify trends in MD/PhD graduates entering psychiatry, to compare these trends with other specialties, and to review strategies for enhancing the physician-scientist pipeline. Methods Data on 226,588 medical students graduating from Liaison Committee on Medical Education accredited programs between 1999 and 2012 (6626 MD/PhDs) were used to evaluate the number, percentage, and proportion of MD/PhDs entering psychiatry in comparison with other specialties (neurology, neurosurgery, internal medicine, family medicine, and radiation oncology). Linear regression and multiple linear regression determined whether these values increased over time and varied by sex. Results Over 14 years, an average of 18 MD/PhDs (range 13-29) enrolled in psychiatry each year. The number of MD/PhDs going into psychiatry significantly increased, although these gains were modest (less than one additional MD/PhD per year). The proportion of students entering psychiatry who were MD/PhDs varied between 2.9 and 5.9 per 100 residents, with no significant change over time. There was also no change in the percentage of MD/PhDs entering psychiatry from among all MD/PhD graduates. The rate of increase in the number of MD/PhDs going into psychiatry did not differ significantly from other specialties except for family medicine, which is decreasing. The rate of MD/PhDs going into psychiatry was higher for women, suggesting closure of the sex gap in 17 years. Conclusions Despite the increase in the number of MD/PhDs entering psychiatry, these numbers remain low. Expanding the cohort of physician-scientists dedicated to translational research in psychiatry will require a multipronged approach.
Medical science advances at a dizzying pace, especially in neuroscience. The National Institutes of Health and other federal agencies have invested billions of dollars each year in basic and applied neuroscience research. However, to provide manpower for the staggering amount of translational research necessary to transform neuroscience findings into better approaches to diagnosis, meaningful new therapeutics, and preventative interventions, a major inflection in the physicianscientist workforce focused on brain disorders is essential [1] .
The concept of translational research is broad and has been defined as promoting the integration of basic, patient-oriented, and population-based research in a multidirectional fashion. The fundamental goal is to promote the understanding of human health and disease to ultimately improve public health [2] . Physician-scientists with dual training in clinical work and research are widely recognized as those best poised to translate basic science findings into clinical advances. However, the limited number of physicians conducting translational neuroscience research has been a growing concern [3] . For example, in psychiatry, a 2000 survey found that less than 2% of US psychiatrists consider research their dominant activity [4] . Moreover, between 1992 and 2001, the number of psychiatrists pursing post-graduate research training fell by 40% [1] . To address this problem, the National Advisory Mental Health Council appointed a workgroup in 2007 to provide recommendations for developing and training a workforce capable of conducting psychiatric research. A key recommendation was to build a strong pipeline by recruiting outstanding physician-scientists, particularly MD/PhD graduates, into psychiatry [5] .
In this study, we examined trends in MD/PhD graduates entering residency training in psychiatry to assess our success in recruiting the brainpower required to conduct translational research. We compared these results to other neurosciencerelated specialties (neurology and neurosurgery) as they draw directly from a similar cohort of MD/PhD students who often have a background in neuroscience research. We also selected a small number of comparison specialties, including internal medicine, the specialty with the highest number of trainees; radiation oncology, the specialty with the highest proportion of MD/PhD trainees; and family medicine, one specialty with a low proportion of MD/PhD recruits, based upon National Resident Match Program (NRMP) data [6] . We subsequently review the implications of these results, discuss progress in addressing previously proposed strategies, and identify additional opportunities for expanding the physician-scientist workforce in psychiatry.
Methods
Anonymized summary data from 226,588 graduates from LCME (Liaison Committee on Medical Education) accredited medical schools in the USA and Canada, including 6626 MD/ PhDs, between 1999 and 2012 were obtained from the Association of American Medical Colleges (AAMC). The AAMC linked graduates from their Student Records System and Graduate Medical Education Track system to identify each graduate's specialty. We calculated trend lines and confidence intervals for the total number of MD/PhDs entering residency training by year as well as the proportion of MD/ PhDs among trainees entering residency training. We also calculated the total number and proportion of MD/PhD graduates entering each specialty by year and the percentage of MD/PhDs entering each specialty from among all MD/PhDs by year. The proportion of MD/PhDs within each specialty was calculated by dividing the number of MD/PhD students entering each specialty by the total number of students entering each specialty. The percentage of MD/PhDs going into each specialty was calculated by dividing the number of MD/PhDs pursuing each specialty by the total number of graduating MD/PhD students. We created a summary plot for the annual rate of increase in number of MD/PhDs entering psychiatry, neurosurgery, neurology, internal medicine, family medicine, radiation oncology, and in total.
Graduates were divided into two groups based on whether they were or were not MD/PhDs. These groups were subsequently divided by specialty of entry as well as sex. Note that the AAMC data available for analysis were categorized as "sex" instead of "gender." Data tables published by the AAMC also use the categorization of "sex" so we have applied this same nomenclature for consistency. To determine whether a particular value (number, percentage, or proportion) increased over time, we conducted linear regressions (R Statistical Computing Environment Version 3.3, 2014) with time as an independent variable. To determine whether sex had an independent effect on the number of MD/PhDs entering each specialty over time, we also conducted two-variable multiple linear regression adjusting for this covariate. We estimated the closure time for the sex gap: dividing the sex disparity for each specialty at the end of the study (2012) by the difference in the average rate of increase for both sexes over the study period. We plotted the confidence intervals (forest plot) for the increase in number of MD/PhD residents on average every year. The New York State Psychiatric Institute Institutional Review Board determined that this study did not require human subjects review.
Results
Over the 14-year period, an average of 15,860 graduates from LCME programs enrolled in residency training annually. On average, 451 were MD/PhDs. The total number of MD/PhD graduates going into residency training increased over time. The proportion of residents with MD/PhDs also significantly increased from 2.2 to 3.3 per 100 residents.
During this same period, an average of 475 trainees annually enrolled in psychiatry programs and on average 18 were MD/PhDs (range from 13 to 29). Trend lines show that the total number of MD/PhD students going into psychiatry increased over time. The proportion of students entering psychiatry who were MD/PhDs varied between 2.9 and 5.9 per 100 students; however, there was no significant change over time. Accounting for 2.8-5.4% of all MD/PhD graduates, there was also no change in the percentage of MD/PhD students entering psychiatry over time (Fig. 1) .
We conducted the same analysis separately for each specialty of interest ( Table 1 ). The total number of MD/PhD applicants increased for all specialties except family medicine, with only psychiatry, neurology, and radiation oncology showing a significant increment; however, gains were modest with an average addition of fewer than two MD/PhD graduates per year. The percentage of MD/PhDs who entered a given specialty from among all MD/PhDs graduates increased significantly for neurology and radiation oncology, but decreased significantly for internal medicine. Family medicine, neurosurgery, and psychiatry showed no change. However, the proportion of residents with MD/PhDs entering a given specialty increased for both internal medicine and radiation oncology. Over time, MD/PhDs were not more likely to go into neurology and neurosurgery than into psychiatry (Fig. 2) . Indeed, the confidence interval for psychiatry overlapped with that of all other specialties except family medicine, suggesting that differences observed between psychiatry and other specialties were not statistically significant other than for family medicine.
The timing of closure of the sex gap differed depending on the specialty. Overall, the sex gap will close in 30 years. For psychiatry, it will take 17 years from the last data point (Fig. 3) ; for neurology, 13 years; for internal medicine, 31 years; and for neurosurgery, 89 years. In family medicine, the number of women MD/PhDs reached parity in 2004 and the trend line suggests that the number for men is decreasing, though not significantly. In radiation oncology, the increase in the number of MD/PhD men far exceeds the rate of increase among the number of MD/PhD women, suggesting that, without a change in this trend, sex parity is unattainable.
Discussion
The increase in the number of MD/PhD residents entering psychiatry represents a positive trend in the physicianscience workforce. Despite concerns that the centrality of neuroscience to psychiatry might not be apparent to trainees leading them to prefer sister specialties such as neurology or neurosurgery [7] , these data suggest psychiatry is keeping pace in terms of the annual increase in the number of MD/PhDs recruited each year. However, the numbers remain low. In addition, the overall percentage and proportion of MD/PhD residents entering psychiatry remains unchanged, indicating there may be additional opportunities to appeal to MD/PhDs.
Recommendations for enhancing the pipeline for physician-scientists have included increased flexibility in clinical training to allow more time for research, coordinated research training with linkage to post-residency research fellowships, greater financial incentives through debt repayment and stipend supplements, and expanding the recruitment of women and underrepresented minorities [5, [8] [9] [10] [11] [12] . Within psychiatry, additional efforts to impact and shape perceptions of the field may also be important, given the stigma surrounding mental illness [13] . At the same time, developing and supporting research training among non-PhD residents will be critical in expanding the pipeline as MD/PhDs have been estimated to comprise only 50% of the physician-scientist workforce with a medical degree [9] .
So, what progress has been made in addressing these recommendations within psychiatry and what strategies might be expanded to enhance these efforts?
Flexibility and Coordinated Research Training
A recent review of MD/PhD graduates found that 68% were subsequently employed by academic medical centers, 4% by research institutes such as the NIH, 8% by industry, and 16% in private practice. Among those working at academic medical centers, 82% noted that they were involved in research [14] . While these rates indicate a substantial return on investment for MD/PhD training programs, a lack of opportunities for ongoing research during residency training may contribute to the attrition noted among physician-scientists [15] .
Psychiatry has a clear advantage over most other disciplines in terms of the flexibility of clinical training and the Fig. 2 Annual increase in the number of MD/PhDs entering training by specialty (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . Line indicates 95% confidence interval. Note that the "All Specialties" category includes other specialties that were not part of this study focus potential for coordinated research experiences. Within the 4-year residency, there are only 30 months of time-required clinical rotations [16] , allowing up to 18 months for research-related electives. In addition, the American Board of Psychiatry and Neurology allows residency training to be completed on a halftime basis [17] , providing a pathway to maintain research efforts throughout clinical training [15] . With funding from the National Institute of Mental Health (NIMH), several psychiatry residency programs have developed well-defined, multiyear research track programs with specific developmental milestones related to research goals extending into fellowship [18] [19] [20] . For programs without formal research track programs, the NIMH also offers administrative supplements to fund MD/PhD-trained individuals in continuing their research efforts during residency and clinical fellowship training [21] . Students with a research interest, as well as programs interested in attracting research-oriented residents, may not be aware of these unique opportunities.
Addressing Financial Challenges
Addressing financial challenges will likely continue to be important in recruiting psychiatrists into research. In a survey of senior psychiatry residents, those with high interest in a research career had less debt [22] . While some individuals interested in research may have incurred less debt through participation in formally funded MD/PhD training programs, approximately 50% of trainees who indicated they would like to be principal investigators on grant-funded research projects did not have PhD degrees [22] . Without debt concerns, medical students may be more likely to consider research careers.
Availability of more lucrative career options is a particular challenge to recruiting residents to research. While stipends for research fellows ranged between $43,692 and $57,504 in 2016 [23] , the average income for psychiatrists was $200,220 according to the US Bureau of Labor Statistics [24] . These differences are compounded by the fact that the average medical student graduates with $190,000 in debt, according to a 2016 survey conducted by the AAMC [25] .
In response, some psychiatry programs have offered supplemental stipends through private foundation grants to incentivize trainees to pursue research fellowships after residency training [18] . To help offset the rising cost of medical training, the NIH has developed loan repayment programs for those committed to research [26] . In 2014, a Physician-Scientist Workforce Working Group convened in by the NIH recommended expanding the loan repayment program "to more realistically reflect the debt burden of current trainees" [9] .
Recruiting Women and Underrepresented Racial and Ethnic Groups
While the number of women entering medical schools was roughly the same as men in 2016-2017 [27] , the proportion of women entering MD/PhD degree programs remains relatively low, around 38% [28] . However, compared to only 27% women in 1997, rates are increasing. In fact, the overall growth in MD/PhD students noted in between 1997 and 2005 was predominately due to an increase in women [3] . Based upon our study, psychiatry and neurology are closer to reaching sex parity among MD/PhD recruits when compared to internal medicine, neurosurgery, and radiation oncology.
Given its "controllable lifestyle" [29] , psychiatry may be a particularly appealing field for women who are interested in pursuing research. Achieving work-life balance is important to women who often shoulder additional childcare and household responsibilities [30] . However, the shift in the workforce towards specialties with a controllable lifestyle is not unique to women and may provide an important advantage for recruiting physician-scientists to psychiatry [29] .
Although information regarding race and ethnicity of MD/ PhD residents was not available in this study, students selfidentifying as Black or African-American made up only 2.8% of graduating MD/PhDs in 2016, with only 2.3% identifying as Hispanic, Latino, or of Spanish origin [31] . Recruiting underrepresented racial and ethnic groups to research will be key to both expanding and diversifying the physician-scientist pipeline [5, 8, 9, 11] . In response, the NIMH awarded administrative supplements to R25 grants in 2017 to support summer research experiences for medical students from diverse backgrounds. 
Building Earlier Connections and Addressing Perceptions of Psychiatry
Another approach to enhancing the pipeline of physicianscientists is to provide multiple "on-ramps" or opportunities for additional research training during medical school [10] . In a recent survey, psychiatry residents interested in pursuing research were more likely to report research experiences during medical school [22] . Providing shortterm mentored research experiences within psychiatry through summer research programs or senior electives is likely a strong investment [5, 19, 32] . Several studies have demonstrated the important influence of mentorship on both specialty selection and the decision to pursue research as a career [33] .
Expanding student exposure to exciting scientific advances in psychiatry may also address the perception that research is not integral to the practice of psychiatry [5] . In a recent medical student survey, the growing role of neuroscience in psychiatry was cited as positively influencing applicant choice to pursue psychiatry [13] . Building in integrated clinical case conferences linking neuroscience and clinical practice, focusing journal clubs on translational neuroscience, and discussing the underlying neuroscience of mental illness and psychiatric treatments within clinical settings are strategies that could enhance the link between neuroscience and psychiatric clinical practice [34] .
One unique aspect of psychiatry is the stigma surrounding mental illness [8] . Those interested in psychiatry are frequently challenged: "Why would you choose psychiatry?" A survey of psychiatry residency applicants found that "negative comments from colleagues, friends and family about choosing psychiatry was a deterrent" [13] . Strengthening ties to neuroscience may also enhance the perception and "legitimacy" of psychiatry among medical disciplines and as a field of choice for physician-scientists.
Enhancing Research Training for Those Graduating Without a PhD
The 17% increase in the number of medical students enrolled in combined MD/PhD programs over the past decade (rising from 4549 students in 2007-2008 to 5344 students in 2016-2017) [28] is likely to expand the pool of physician-scientists considering psychiatry for training. However, there may be additional opportunities to "grow our own." According to Rieder, the current model for combined MD/PhD training is inefficient. Graduates of MD/PhD programs often experience "a long separation from research, leading to a decline in research skills, distance from the knowledge base, and a need to retrain after residency" [35] . In response, Rieder and colleagues developed an innovative program integrating PhD training within psychiatry residency (R25MH101074). This pilot program, if successful, may be a pathway to recruiting more physician-scientists into psychiatry.
Given the relatively low percentage of MD/PhDs across all specialties combined (less than 4% in this study), physicians without PhDs will remain an important cohort of physician-scientists to develop and support [3] . Building research literacy for all residents [8] and a strong foundation in basic biomedical sciences is key to training and developing translational researchers. Research training opportunities during residency, when career decisions are not fully formed, may inspire more physicians to do translational research [8] . Exposing residents to clinical research settings [18] and involving research faculty in residency training education and mentorship [8] may also foster research interests within translational science. Novel efforts to pair MDs with PhD researchers as a team might also help to address the much needed work in translational research [36] .
Limitations
This study has limitations. The data provided by the AAMC is somewhat incomplete since not all residency programs participate in the Resident Survey in GME Track, from which this dataset was drawn. In a typical survey year, approximately 95% of programs complete the Resident Survey. Regardless, this limitation should be consistent across the disciplines analyzed here. Other disciplines not assessed in this study (pediatrics, surgery, obstetrics and gynecology, etc.) may have experienced substantial changes in the number of MD/PhD graduates over this period based upon the "all specialties" data. This study did not explore this.
AAMC data do not include information on the content of the PhD, and therefore, some MD/PhD students may have degrees in the humanities, less conducive to translational research. Data regarding whether the individual had future plans for a research or full-time academic position were also unavailable.
Also, data are limited to graduates from LCME accredited programs and exclude international medical graduates (IMGs) which make up a substantial proportion of residents in the USA (for example IMGs comprised 20% of trainees matching into psychiatry in 2017) [37] . International medical graduates with research training may be another source for increasing the physician-scientist workforce [5, 12, 38] .
AAMC data evaluated in this study are only available through 2012 and may not capture the most recent trends in MD/PhD graduates and residency training. On average, between 2013 and 2015, first year psychiatry residents included 32 graduates from combined MD/PhD programs (range [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [39] . Despite substantial variability, this represents a further increase in the numbers of MD/PhDs pursing psychiatry. Additional research should continue to evaluate this evolving landscape.
